We tested correlations between anti-Helicobacter pylori IgG and IgA levels and the urease test, anti-CagA protein antibody, degree of gastritis, and age. In total, 509 children (0-15 years) were enrolled. Subjects were stratified as 0-4 years (n = 132), 5-9 years (n = 274), and 10-15 years (n = 103) and subjected to the urease test, histopathology, ELISA, and Western blot using whole-cell lysates of H. pylori strain 51. The positivity rate in the urease test (P = 0.003), the degree of chronic gastritis (P = 0.021), and H. pylori infiltration (P < 0.001) increased with age. The median titer for anti-H. pylori IgG was 732.5 IU/mL at 0-4 years, 689.0 IU/mL at 5-9 years, and 966.0 IU/mL at 10-15 years (P < 0.001); the median titer for anti-H. pylori IgA was 61.0 IU/mL at 0-4 years, 63.5 IU/mL at 5-9 years, and 75.0 IU/mL at 10-15 years (P < 0.001). The CagA-positivity rate was 26.5% at 0-4 years, 36.5% at 5-9 years, and 46.6% at 10-15 years for IgG (P = 0.036), and 11.3% at 0-4 years, 18.6% at 5-9 years, and 23.3% at 10-15 years for IgA (P < 0.001). Anti-H. pylori IgG and IgA titers increased with the urease test grade, chronic gastritis degree, active gastritis, and H. pylori infiltration. Presence of CagA-positivity is well correlated with a high urease test grade and high anti-H. pylori IgG/IgA levels.
INTRODUCTION
Helicobacter pylori is an important etiological factor for acute and chronic gastritis, gastric and duodenal ulcers, and gastric adenocarcinoma (1) . The severity of H. pylori infection depends on the strain virulence, host susceptibility, and environmental factors (2) . The measurement of specific antibodies in serum has been used as a noninvasive method for detecting H. pylori infection (3) and over 90% of H. pylori-infected patients have detectable serum IgG antibodies (4) . Serological tests are commercially available, which are easy to perform and inexpensive, but studies on children indicate a high sensitivity range of 50%-90% and the specificity ranges from 83% to 100% (5) (6) (7) (8) .
The number of immunoreactive bands significantly increases with age and reactions to the VacA and CagA antigens are more frequently found in older children (9) . In our previous study, we found that more than 80% of the seropositive enzymelinked immunosorbent assay (ELISA) results were CagA positive, whereas the other 20% of the seropositive results using ELISA could be attributed to its reaction with another H. pylori antigen (10) . Therefore, the use of whole-cell lysates of H. pylori strain 51 in ELISA may increase the yield when detecting anti-H. pylori antibodies in the Korean population.
Several studies have investigated the relationship between antibody titers and the pathogenesis of H. pylori, but the results are inconclusive (3, 11) . Quantitative evaluations of anti-H. pylori antibodies or against H. pylori recombinant purified proteins have been performed in some human diseases where H. pylori infections may play a role in their pathogenesis (9, (12) (13) (14) . However, the clinical significance of high antibody levels to H. pylori according to quantitative ELISA has not been established and high anti-H. pylori antibody levels have not been demonstrated to be predictive of the severity of gastroduodenal diseases or the density of H. pylori colonization.
Thus, to help identify factors that correlate with antibody levels in children, we evaluated the correlations between the levels of anti-H. pylori IgG and IgA antibodies and the urease test grade, presence of CagA antigen, degree of gastritis, and age.
MATERIALS AND METHODS

Study population
As a member of the National Biobank of Korea, Gyeongsang National University Hospital (GNUH) collects serum samples from random patients and stores them at -80°C. Among the samples collected over 21 years, we examined those from 509 children who underwent upper gastroduodenoscopy at GNUH during 1991-2010. Thus, we enrolled 509 children and we reviewed the results of urease test and the histopathological findings, and tested the reserved serum. The sera were stratified into three age groups: 0-4 years (n = 132), 5-9 years (n = 274), and 10-15 years (n = 103) ( Table 1) .
Urease tests and histopathological findings
Three gastric endoscopic biopsies taken from the gastric prepyloric antrum with an Olympus GIF-XP endoscope with pediatric forceps were first subjected to urease tests, which were performed in the endoscopy room. Based on the rapidity of the color change, the subjects were designated as grades 0 (negative, no color change), 1 (color change between 6 and 24 hours), or 2 (color change within 6 hours). Three biopsy specimens each from the gastric antrum and gastric body were stained with hematoxylin-eosin for the histological analyses. The histology results were interpreted according to the Updated Sydney System. All of the histopathological slides that we reviewed had been prepared and donated by the GNUH.
ELISA and western blot analysis
Anti-H. pylori IgG and IgA titers were measured by ELISA (10) using the coated with the prepared whole cell proteins of H. pylori strain 51 (10 μg/mL and 50 μL per well diluted with coating buffer). Diluted sera (IgG 1:400, and IgA 1:100) were added to antigen-coated wells (50 μL per well).
Anti-CagA IgG and IgA antibodies were evaluated by Western blot using whole-cell lysates of H. pylori strain 51 (15) . The western blot patterns were assigned to four categories on the basis of CagA (pattern I), urease without CagA (pattern II), other proteins except CagA and urease (pattern III), and no band (pattern IV) (Fig. 1 ).
Statistical analysis
The statistical analyses were performed using IBM SPSS Statistics 21 (IBM, Chicago, IL, USA). We tested whether the antibody titer had significant correlations with the urease test results, antigen patterns, or age. We used bivariate correlation (Spearman's rho), paired samples t-tests, and nonparametric tests to analyze the differences in the antibody titers between CagA-positive and-negative sera, among the three urease test grades, and in the three age groups. The numbers and sex ratios in the three age groups were different, so GLM regression analysis was used for correction. Post-hoc analysis using Scheffé's method was applied when significant differences were detected among three groups. Statistically significant differences were accepted at P < 0.05.
Ethics statement
The study protocol was reviewed and approved by the institutional review board of GNUH (GNUHIRB-2015-08-020). Informed consent was exempted by the board. Table 1 shows the number and sex distribution of the subjects according to age. There were no significant differences in the sex distributions among the age groups. 
RESULTS
Study population
Results of the urease test and histopathological findings
The positivity rates for the urease test were 37.1% at 0-4 years, 38.0% at 5-9 years, and 39.9% at 10-15 years (P = 0.003). The degrees of chronic gastritis (P = 0.021), active gastritis (P = 0.064), and H. pylori infiltration (P < 0.001) increased with age (Table 1) .
Anti-H. pylori IgG and IgA titers
The median titers for anti-H. pylori IgG were 732.5 IU/mL at 0-4 years, 689.0 IU/mL at 5-9 years, and 966.0 IU/mL at 10-15 years (P < 0.001). The median titers for anti-H. pylori IgA were 61.0 IU/mL at 0-4 years, 63.5 IU/mL at 5-9 years, and 75.0 IU/mL at 10-15 years (P < 0.001). The anti-H. pylori IgG titers were higher at 10-15 years than those at 1-5 years and 6-10 years (P = 0.006), but there was no significant difference in the anti-H. pylori IgA titers among the three age groups (P = 0.454).
Western blot patterns according to age groups
The proportions of IgG positivity according to the four western blot patterns (I-IV) were 36.0%, 47.7%, 5.5%, and 10.8%, respectively (P = 0.008). The proportions of IgA positivity according to the four patterns were 17.7%, 33.8%, 23.6%, and 25.0%, respectively (P = 0.221). The CagA-positivity rates were 26.5% at 0-4 years, 36.5% at 5-9 years, and 46.6% at 10-15 years for IgG (P = 0.036, Fig. 2) , and 11.4% at 0-4 years, 18.6% at 5-9 years, and 23.3% at 10-15 years for IgA (P < 0.001) ( Table 2 ). The western blot negative (no band) rates for IgG were 13.6%, 8.8%, and 12.6% at 0-4 years, 5-9 years, and 10-15 years, respectively. Post-hoc analysis using Scheffé's method detected no differences in the proportions of the four Western blot patterns among the three age groups for IgG (P = 0.094) and for IgA (P = 0.161).
Correlations between the urease test grade, degree of histopathological findings, western blot patterns, and antibody titers for IgG and IgA The titers of anti-H. pylori IgG antibodies increased with the urease test grade (r = 0.527, P < 0.001), chronic gastritis (r = 0.613, P < 0.001), active gastritis (r = 0.545, P < 0.001), and the degree of H. pylori infiltration (r = 0.593, P < 0.001). The anti-H. pylori IgA titers also increased with the urease test grade (r = 0.450, P < 0.001), degree of chronic gastritis (r = 0.523, P < 0.001), active gastritis (r = 0.453, P < 0.001), and H. pylori infiltration (r = 0.480, P < 0.001). In the urease test, the anti-H. pylori IgG (Fig. 3) and IgA (Fig. 4) antibody titers were higher with grade I than the other grades (P < 0.001), regardless of age. According to the four western blot patterns, the anti-H. pylori IgG (Fig. 5) and IgA ( Fig. 6 ) titers were higher with the CagA-positive pattern (P < 0.001), regardless of age. Proportions with the four western blot patterns according to age groups. The CagA-positivity rate was 26.5% at 0-4 years, 36.5% at 5-9 years, and 46.6% at 10-15 years for IgG (P = 0.036). Post-hoc analysis using Scheffé's method detected no differences in the proportions with the four western blot pattern among the three age groups for IgG (P = 0.094). 
DISCUSSION
In the present study, we found that the presence of the CagA antigen was the major factor related to high levels of anti-H. pylori IgG and IgA antibodies, regardless of age. CagA is known to be an important virulence factor in H. pylori (14) and antibodies against CagA have been observed in gastritis, gastroduodenal ulcer, and gastric cancer patients (13, 16, 17) . In the early 2000s, 80%-100% of H. pylori strains possessed the cagA gene in East Asia (18, 19) and 94% were cagA-positive in H. pylori DNA extracts from 33 Korean children (20) . In Japan, the CagA was the most reactive antigen recognized by all the H. pylori positive sera even from children under the age of 3 year (21) . Therefore, the regional CagA antigens for serodiagnosis of H. pylori would be important, which could affect the rate of seropositivity (21) . Thus, a positive test result for anti-CagA antibody was regarded as an H. pylori infection in Korean studies (15, 22) . In the present study, the highest positivity rate for CagA was 46.6% among the 10-15 years group, although this CagA-positivity rate is lower than the seroprevalence (59.6%) of H. pylori infections in a recent study of the general population in Korea (23), as well as the seroprevalence rate (68.0% CagA-positive) in children aged 6-15 years using the same immunoblot analysis during 1998-1999 (17). Recent seroprevalence studies of H. pylori infection suggest that the decrease in the seroprevalence of H. pylori may be related to the improved socioeconomic status of Koreans (23, 24) . Young children may have a different immune response to H. pylori, with preferences for specific antigens, as well as lower titers than adults (8) . A lower sensitivity has been reported based on serological H. pylori tests in children compared with adults (25) . Using commercial ELISA kits, false-negative results were found more often in children aged younger than 5 years (8, 26) . In our previous study, we showed that the Genedia IgG ELISA kit, which uses H. pylori antigen obtained from a Korean H. pylori strain, achieved a higher seropositivity rate than other ELI-SA kits (e.g., GAP IgG, HM-CAP, and Pyloriset EIA-G obtained from USA and Finland) (17) . There are differences in the antigenicity of multiple H. pylori strains and even among different antigens in the same strain (9) . In the present study, the median levels of anti-H. pylori IgG and IgA antibody also increased with age but the antibody titers were higher in the CagA-positive cases than those in the CagA-negative cases, even in children aged under 5 years. Age is strongly related to H. pylori infections (27) . In the present study, the degree of chronic gastritis, active gastritis, and H. pylori infiltration and the positive urease test rate increased significantly with age. The CagA-positivity rate increased with age but not significantly. Previously, the grades of active and chronic inflammation, atrophy, lymphoid follicles, and H. pylori density were correlated with the IgG antibody levels in the antral mucosa (3, 11, 28) . The serum antibody response to H. pylori also depends on the severity of H. pylori-associated diseases (29) . In the present study, the anti-H. pylori IgG and IgA antibody levels were correlated with the degree of chronic gastritis and H. pylori infiltration. The degrees of the histopathological findings and the anti-H. pylori IgG and IgA antibody titers were also correlated with the ages of the children.
A positive urease test within 6 hours was another factor that affect ed the anti-H. pylori IgG and IgA antibody levels regardless of age. Buffered urease tests require at least 1,000 organisms to generate a positive reaction (30) and a higher degree of H. pylori infiltration is correlated with a faster positive reaction in the urease test (31, 32) . Therefore, a rapid reaction in the urease test may be related to a high density of bacteria. In the present study, there was no significant correlation between the presence of anti-urease antibody, the titer of anti-H. pylori antibodies, and the urease test grade. The change in H. pylori strains from CagA-positive to CagA-negative in Korea should be considered when evaluating the seroepidemiology of H. pylori infections.
The current study had some limitations as follows. We conducted the current study with a retrospective design. We simply analyzed the results of urease tests and histopathological findings in this study, and we did not evaluate the clinical histories of the children.
In summary, we found that the anti-H. pylori IgG and IgA antibody titers were higher in the CagA-positive sera of children regardless of age, while higher IgG and IgA titers were observed with a higher degree of active gastritis and H. pylori infiltration, higher urease test grade, and greater age. In conclusion, the presence of CagA antigen is the main factor that affects the levels of anti-H. pylori IgG and IgA antibodies regardless of age. The ELI-SA test is a valuable diagnostic tool for diagnosing CagA-positive H. pylori infections in children. However, further studies are needed of CagA-negative strain infections and the levels of anti-H. pylori IgG and IgA antibodies.
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